Abstract. The competency of acoustic emission (AE) technique in order to predict the fatigue life of SAE 1045 carbon steel was discussed in this paper. The correlation of the AE parameter and the number of cycles to failure of the tested specimens were established via the statistical approach. In this paper, The AE hits were selected as the functional parameter. The fatigue life values were calculated using the strain-life approach of three models; Coffin-Manson, Smith-Watson Topper and Morrow. Both AE and strain signals used in the analysis were captured using the AE sensor and strain gauge that were attached to the specimen during the fatigue test. The results show that the AE technique has a good potential in assessing the fatigue life with the designed H-N curve (AE hits-number of cycles to failure curve).
Introduction
Fatigue is a process of crack initiation and growth in a material, which is usually metal, caused by constant and variable loads. The stresses in a material vary with the constant change of environment, making fatigue one of the most important failure modes of metallic components [1] . The microscopic damages can be accumulated with continued cycling, finally creating a crack even at stresses well below the ultimate strength of the material.
As fatigue failure seems a threat for the mechanical component and structures, many researches has been carried out varies techniques in detecting, monitoring as well as predicting the fatigue damage mechanisms in materials. Locating the strain gauge at the possible failure points are the most conventional method in determine the fatigue crack initiation since the crack is usually exist in micro scales [2] . Besides that, photograph methods and photoelastic techniques also have been tested to the fatigue failure problems. Later, the presence of the finite element analysis (FEA) and non-destructive testing such as radiotherapy and acoustic emission enhances the fatigue research to a more systematic, reliability and sophisticated results and finding [3, 4] .
In fatigue areas, AE has been used widely in detecting, locating as well as monitoring the crack initiation and propagation [5, 6] . It is inspired the authors to utilise AE in assessing and predicting the remaining fatigue life of the steel specimen. Consequently, this research was conducted to investigate the AE capability in predicting the fatigue life through this paper. The AE sensor and the strain gauge were attached simultaneously in order to capture the stress and strain loading emitted by the specimens during the fatigue test. Besides the experiment value of fatigue life, the numbers of cycles were also calculated using the strain-life approach models i.e., Coffin-Manson, Smith-Watson Topper (SWT) and Morrow. The AE hit were then correlated to the fatigue life in order to predict the specimen's life using the AE techniques.
The good correlation existed between the AE parameter and the fatigue life shows that AE can be used as the life prediction method in fatigue damage problem.
Material and Methodology.
The SAE 1045 medium carbon steel was used as the specimen in this paper as this kind of steel has been used widely in automobile [2] as well as oil and gas industries. The flat specimens (Fig.  1a) were cut accordingly to the ASTM E8 and they were run the tensile test before undergo the cyclic fatigue test following the ASTM E466. The monotonic properties of the material are shown in Table 1 . The fatigue test was performed using the 25-kN servo hydraulic machine (Fig.1b) at the stress ratio, R = -1. Four different applied stresses at range of 470 to 680 MPa were used throughout the test. During the test, the strain gauge and AE transducer were attached to the specimen to collect signals. Equipment setups used in this paper are similar to previous studies that have been conducted before [7] . The common parameter of AE i.e. count was then extracted from the AE signals and it is used as a function of Weibull distribution in predicting the fatigue life. Signal analysis. The common parameters of AE such as count, number of hits, energy, maximum amplitude, rise time and duration can be extracted directly from the AE signals. In fatigue problem, most of these parameters were used in identifying, locating and predicting the crack initiation as well as monitoring the crack propagation [8] . In this paper, 10 hits of signals that experienced the highest amplitude of an applied load were selected for further analysis. Ten hits were chosen because it already can represent the entire signal that has been collected. Signals with high amplitude usually relates to the damage experienced in the specimen which in this case, it may happen because of crack initiation and material debonding during the experiment. Average number of hits in 10 seconds of every selected signal was determined and has been used as the AE parameter in predicting the fatigue life in this paper. Apart of that, the predicted fatigue life was calculated using the strain-life approach by inputting the strain loading captured using the strain gauge. The Coffin-Manson (CM), Morrow and Smith-Watson Topper (SWT) model were determined using specific software to predict fatigue life of the specimen. 
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Results and Discussion
Figure 2a shows a sample of AE hits during the fatigue test. Every hit is represented by a typical burst as shows in Fig. 2b . As mention earlier in the previous section, 10 signal that having the highest amplitude was selected for every applied load. Number of hits appeared in 10 seconds of every signals were recorded and the average value was determined. Figure 3 shows an example of pointing the highest signals that having the highest amplitude. The average numbers of AE hits for different applied stress are tabulated in Fig. 4 . It is clearly seen that higher stress contributes to higher number of hits. Since each AE hits was produced by one debonding events that produce the crack initiation, higher loads will definitely increased the number of AE hits. It is because higher loads will introduce more vibration in the specimens, where cause the increment in AE activity. Hence, more hits will appear [5] . Fatigue life assessment. In this paper, the strain loading that was collected during the test were used to calculate the fatigue life. Figure 5a shows the sample of original strain loading meanwhile the zoom part of overall signal was shown in Fig. 5b . As all experiments were run under constant loading condition, the strain signal should demonstrate the sinusoidal wave form as shown in Fig.  5b . The numbers of cycles to failure for different applied loads were then tabulated in Table 2 . The number of cycles calculated using the strain-based fatigue life model i.e., Coffin-Manson (CM), Smith-Watson Topper (SWT) and Morrow seems to be in good agreement with the value get from the experiment where all values were decreased with the increment value of applied stress. The relationship between the AE hit and the number of cycles is shown in Fig. 6 . The figure shows that the Pearson correlation coefficients, R 2 for all models were tabulated between 97.7 % and 98.1 % .
Since all models exhibits great numbers of R 2 , it can be assumed that all the models can be used as the prediction model of SAE 1045 steel. The equations generated by the lines are shown in Eq. 1 -3. 
where H is the number of average AE hits and N is the number of cycles to failure for the specified model. 
Conclusion
This paper discussed the capability of AE technique in predicting the fatigue life of SAE 1045 specimen. The results did showed strong relationship existed between both AE and strain signals. The average of AE hits were then correlated with the fatigue life which in form of number of cycles to failure. The Pearson correlation coefficients, R 2 show good relationship by the tabulated values from 97.7 % to 98.1 %. From the results, it shows that AE technique has a good potential in predicting the remaining fatigue life of SAE 1045 steel. With further and detail analysis, the H-N curve (AE hits-number of cycles to failure) can be used to associate the current ε-N curve in predicting the fatigue life for AE application.
